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predict international freight ﬂows through the ports and lands of Jordan, Syria, and Lebanon. The
calibrated model was statistically accepted and signiﬁcant to be used in prediction. Implementation
of IFTM model to the case study proved that it can be considered as a good decision support tool
that is able to evaluate the value of any scenario that can be reﬂected through any change in the
costs, times, and/or number of processes of its link cost function.
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University.1. Introduction
Intraregional trade has been very low among the member
countries of the United Nations Economic and Social Com-
mission for Western Asia (ESCWA). Between 1990 and
1997, their export share fell from 10.9% to 8.6% of their total
world exports, and their import share rose from 9.1% to
10.4% of their total world imports [1]. Among the main rea-
sons were complicated, costly, and time-consuming border
controls and customs formalities. To overcome these obstacles
and to promote greater economic integration among its mem-
bers, ESCWA developed an integrated transport system in the011863; fax: +20 663322172.
(M.S. Serag).
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05Arab Mashreq (ITSAM). ITSAM comprises three basic com-
ponents: an integrated (multimodal) transport network, an
associated information system, and a methodological frame-
work for issue analysis and policy formulation.
In this respect, Jordan, Syria, and Lebanon stepped toward
studying the economic feasibility of the international goods
trade through the ports and lands of the three countries. ESC-
WA implemented this study [2], with which to collect all data
and information essential to the analysis and assessment of
alternative scenarios and recommendations to help achieve
the objective of the study.
The present research focuses on the development of an
international freight transportation model (IFTM) to predict
international freight ﬂows of trade through the three countries
and their assignment over the international multimodal net-
work covering them. The developed model should help as a
policy analysis tool and a decision-support system for trans-
port policy makers in the region.aculty of Engineering, Alexandria University.
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The study of freight ﬂows at the national, regional, and inter-
national levels has received limited attention. This is perhaps
owing to inherent difﬁculties and complexities. A good review
of freight transport modeling may be found in Friesz and Har-
ker [3]. Below is a brief review based on a report by ESCWA
[4].
The ﬁrst category of models studied comprehensively in the
past for the prediction of interregional freight ﬂows is the spa-
tial price equilibrium model and its variants. The model, ini-
tially developed [5] and later extended [6–8], has been used
extensively to analyze interregional commodity ﬂows.
Freight network equilibrium models constitute the second
category of models. These models allow the prediction of mul-
ti-commodity ﬂows on a multimodal network. The demand for
transportation services is exogenous and may originate from
an input–output model, if one is available, or from other
sources, such as observed demand or the scaling of observed
past demand. The choice of mode or subsets of modes used
is exogenous, and intermodal shipments are permitted. In this
sense, these models may be integrated with econometric de-
mand models as well.
The ﬁrst signiﬁcant predictive multimodal freight network
model was developed by Roberts [9] and later extended by
Kresge and Roberts [10]. It came to be known as the
Harvard–Brookings model. Only the behavior of shippers is
taken into account. It is assumed that constant unit costs ap-
ply, and each shipper chooses the shortest path for movement
from an origin to a destination. The model relies on a fairly
simple ‘‘direct link’’ representation of the physical network,
and congestion effects are not considered.
The multi-state transportation corridor model, developed
later [11–13], goes a step further in representing an explicit
multimodal network but does not take the effects of conges-
tion into account. The ﬁrst model to consider congestion ef-
fects and shipper-carrier interactions is that of Friesz et al.
[14]. The freight network equilibrium model (FNEM) [15] is
the ﬁrst model considering congestion phenomena to actually
be applied in the ﬁeld of freight transport. It was extended later
by incorporating variable demand functions in the shippers’
sub-models [16,17].
Gue´lat et al. [18] developed a multimodal multi-product
network assignment model that does not consider shippers
and carriers as distinct actors in freight shipment decisions.
A doctoral dissertation [19] introduced the simultaneous
transportation equilibrium model (STEM). An application of
STEM to the intercity transport system in Egypt covered both
passenger and freight movement [20]. The study represented
producer and consumer behavior using this speciﬁc trip-gener-
ation function, condensing their decision-making processes
into one known functional relationship.
ESCWA [4] developed an international freight simulta-
neous transportation equilibrium model (IFSTEM). The mod-
el simultaneously predicts trip generation, trip distribution,
modal split, and trip assignment and is essentially based on
STEM [19,20]. IFSTEM is considered a central component
of the ITSAM-Framework being developed by ESCWA. The
IFSTEM model was applied to a prototype network of six
ESCWA member countries: Iraq, Jordan, Kuwait, Lebanon,
Saudi Arabia, and Syria [1]. It was proved that the model iscapable of measuring the effects of supply improvements when
it is applied to real-world situations. The model can also be
used to measure changes in demand (through an assessment
of changes in socio-economic variables) and to predict how
such changes will affect the supply side. Although the
IFSTEM’s solution procedure is computationally tractable, it
needs a lot of data, details, and adjustments which often not
available.
The present research focuses on the development of an
international freight transportation model (IFTM) which can
use the available data and details in the Arab countries, to
be practically applicable.
3. Model description and assumptions
Following an extensive literature review (see above), the model
selected for this study (IFTM) is a simpliﬁcation of the
IFSTEM model which was developed by ESCWA [4]. The
IFTM model would appropriately illustrate the behavior of
exporters and importers of a commodity over an international
multimodal network. The model is constructed in such a way
that commodity exporters make decisions about where and
how to transport their goods; choices are made regarding des-
tination, mode, trans-shipment, and routing.
Below is a description of the assumptions underlying the
IFTM model with regard to the behavior of exporters and
importers. These assumptions represent reality-based abstrac-
tions, from which the model has been developed.
3.1. Delivery cost
In the context of freight transport, the model deals with two
major types of links: the ﬁrst comprises modal (real) links
including road, rail, maritime, and air links; the second com-
prises processes (dummy) links including export, import, tran-
sit-in, transit-out, pre-import, pre-export, and transfer
processes links. Each type is given its own cost function that
depends upon the ﬂow over the given link.
The costs on modal links consist of monetary costs and the
costs of transport time, while the costs on processes links con-
sists of the cost of administrative processes time, fees (function
of the price of the country of origin), and informal costs (func-
tion of the number of signatures on documents). Cost of pro-
cesses also depends on the level of application of the electronic
exchange of data.
It is assumed that the ‘‘perceived’’ delivery cost urij of a com-
modity r exported from origin i and imported to destination j,
is as follows:
urij ¼ crtrp þ arSrp þ ALCrp þ TRrp þ TCrp ð1Þ
where cr is the value of time of the exporters of commodity r, trp
the total delivery time (sum of administrative and logistical
operations ‘‘ALO’’ and transport times) on a multimodal path
p from origin i to destination j for commodity r, ar the value of
ALO processes (number of steps and/or signatures) of the
exporters of commodity r, Srp the total number of steps and/
or signatures of ALO processes on a multimodal path p from
origin i to destination j for commodity r , ALCrp the ALO
(export, import, transit-in, transit-out, pre-export, pre-import,
and/or transfer) costs on a multimodal path p from origin i to
destination j for commodity r, TRrp the tariff cost (at the origin,
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origin i to destination j for commodity r, and TCrp is the trans-
portation cost on a multimodal path p from origin i to destina-
tion j for commodity r.
3.2. Utility function
It is assumed that an exporter who wishes to export commod-
ity r from origin i to destination j associates a utility vrijp with
each multimodal path p among the paths that are feasible
for transporting from i to j. Since exporters do not usually
have perfect information concerning the system and cannot
quantify all the factors that inﬂuence their utilities, it is
assumed here that the exporter’s utility function is random
and may be decomposed into a measured (observed) utility
component Vrijp plus an additive random (error) term e
r
ijp, as
follows:
vrijp ¼ Vrijp þ erijp ð2Þ
It is further assumed that the measured utility is a function
of the socio-economic characteristics of the destination (such
as consumption level, commodity deﬁcit, population, and sell-
ing prices) and the origin (such as the price of the commodity
at the origin), as well as the system’s performance (including
the cost and time of transport and ALO), and can be expressed
as follows:
Vrijp ¼ hrurijp þ Arij ð3Þ
where Arij is a composite measure of the effect that socio-eco-
nomic variables exogenous to the transport system have on
the number of tons of commodity r exported from i to j, and
hr is a coefﬁcient to be estimated by calibration.
3.3. Accessibility
In the context of freight transport, accessibility can be mea-
sured by the expected maximum utility to be obtained from
a particular transport choice situation. On this basis, accessi-
bility is deﬁned as a composite measure of transportation sys-
tem performance and socio-economic system attractiveness as
perceived by a typical exporter on a given O–D pair, as
follows:
Srij ¼ max 0; ln
X
p2Pij
expðhrurijp þ ArijÞ
( )
ð4Þ
where Srij is the accessibility of the exporter of commodity r on
O–D pair i–j.3.4. Total origin–destination demand
It is assumed that the number of tons of commodity r exported
from origin i to destination j is a function of:
– The socio-economic characteristics of the countries of ori-
gin and destination, which can be expressed by a composite
measure Erij.
– Transport system performance, expressed by the accessibil-
ity Srij.So, total origin–destination demand equation can be speci-
ﬁed as follows:
Grij ¼ arijSrij þ Erij ð5Þ
where aij is a coefﬁcient to be estimated by calibration.
3.5. Modal split and trip assignment (multimodal path choice)
Based on the practical considerations for freight transport, it is
assumed that commodity r can be transferred from one mode
to another as long as this transfer is feasible and reduces the
total delivery cost (that is, the cost of transporting commodity
from its origin i to destination j). Therefore, it is assumed that
each exporter will choose the mode and route combination
that minimizes the total cost of delivery from i to j.
Based on the random utility theory of exporter behavior, it
is assumed that the probability ðPrrijpÞ that a typical exporter at
any given corridor ij will choose to transport commodity r
across any given path p 2 Prij is equal to the probability that
the utility of choosing path p is equal to or greater than that
of choosing any other path k 2 Prij; that is,
Prrijp ¼ probability½vrijp P 8k 2 Prij ð6Þ
This probability may be expressed using the following Logit
model:
Prrijp ¼
expðVrijpÞP
k2Pr
ij
expðVrijkÞ
ð7Þ
Based on these assumptions, the multimodal path choice
can be expressed as follows:
Trijp ¼ Grij
expðhrurijp þ ArijÞP
k2Pr
ij
expðhrurijk þ ArijÞ
ð8Þ
where Trijp is the number of tons transported via multimodal
path p from the total demand on corridor ij.
4. Calibration and application of the IFTM model for predicting
international freight ﬂows through the ports and lands of Jordan,
Syria, and Lebanon
To calibrate and apply IFTM model to the case study of
Jordan, Syria, and Lebanon, the data collected in the study
implemented by ESCWA [2] were used.
4.1. Network representation
International freight ﬂows through the three countries was dis-
tributed on six corridors; each corridor has several expected
paths that transport goods over a multimodal network. The
corridors and paths are presented in Table 1.
4.2. Data collection
The required data for model calibration and application to the
case study had been collected from different sources during the
ESCWA study [2]. These data are presented in the following
subsections.
Table 1 Main corridors and paths for international goods movement through Jordan, Syria, and Lebanon [2].
Path corridor Path 1 Path 2 Path 3 Path 4 Path 5 Path 6
1-From the Black
Sea to Jordan.
Includes Russian,
Ukrainian,
Bulgarian, and
Romanian ports
From the ports of
Constantia or
Odessa to the port of
Latkia and then
overland to Amman
From the ports of
the Constantia or
Odessa to the port of
Tartos and then
overland to Amman
From the ports of
Constantia or
Odessa to the port of
Tripoli and then
overland to Amman
From the ports of
Constantia or
Odessa to the port of
Beirut and then
overland via Syria to
Amman
From the ports of
Constantia or
Odessa to the port of
Aqaba through Suez
Canal, and then
overland to Amman
From the ports of
Constantia or
Odessa, overland
through Turkey and
Syria, and then to
Amman
2-From the western
Mediterranean to
Jordan. Includes
ports: Barcelona,
Valencia, Marseille,
Naples, and Genoa
From the ports of
Barcelona, Valencia,
Marseille, Naples, or
Genoa to the port of
Latkia, and then
overland to Amman
From the ports of
Barcelona, Valencia,
Marseille, Naples, or
Genoa to the port of
Tartos, and then
overland to Amman
From the ports of
Barcelona, Valencia,
Marseille, Naples, or
Genoa to the port of
Tripoli, and then
overland to Amman
From the ports of
Barcelona, Valencia,
Marseille, Naples, or
Genoa to the port of
Beirut, and then
overland via Syria to
Amman
From the ports of
Barcelona, Valencia,
Marseille, Naples, or
Genoa to the port of
Aqaba through Suez
Canal, and then
overland to Amman
3-From the north
and north-west
Europe to Jordan.
Includes ports:
Hamburg, Antwerp,
and Rotterdam
From the ports of
Rotterdam,
Hamburg, or
Antwerp to the port
of Latkia, and then
overland to Amman
From the ports of
Rotterdam,
Hamburg, or
Antwerp to the port
of Tartos, and then
overland to Amman
From the ports of
Rotterdam,
Hamburg, or
Antwerp to the port
of Tripoli, and then
overland to Amman
From the ports of
Rotterdam,
Hamburg, or
Antwerp to the port
of Beirut, and then
overland via Syria to
Amman
From the ports of
Rotterdam,
Hamburg, or
Antwerp to the port
of Aqaba through
Suez Canal, and
then overland to
Amman
4-From the
Americas to Jordan
From the ports of
Baltimore, Houston,
or Santos to the port
of Latkia, and then
overland to Amman
From the ports of
Baltimore, Houston,
or Santos to the port
of Tartos, and then
overland to Amman
From the ports of
Baltimore, Houston,
or Santos to the port
of Tripoli, and then
overland to Amman
From the ports of
Baltimore, Houston,
or Santos to the port
of Beirut, and then
overland via Syria to
Amman
From the ports of
Baltimore, Houston,
or Santos to the port
of Aqaba through
Suez Canal, and
then overland to
Amman
5-From the Far East
and South-East Asia
to Syria.Includes
ports: Japan, Korea,
Hong Kong,
Taiwan, and
Singapore
From the ports of
Yokohama, Busan,
Hong Kong, Tai-
Pei, or Singapore
through Suez Canal
to the port of
Latkia, and then
overland to
Damascus
From the ports of
Yokohama, Busan,
Hong Kong, Tai-
Pei, or Singapore
through Suez Canal
to the port of
Tartus, and then
overland to
Damascus
From the ports of
Yokohama, Busan,
Hong Kong, Tai-
Pei, or Singapore
through Suez Canal
to the port of
Tripoli, and then
overland to
Damascus
From the ports of
Yokohama, Busan,
Hong Kong, Tai-
Pei, or Singapore
through Suez Canal
to the port of Beirut,
and then overland to
Damascus
From the ports of
Yokohama, Busan,
Hong Kong, Tai-
Pei, or Singapore to
the port of Aqaba
through Suez Canal,
and then overland to
Damascus
6-From the Far East
and South-East Asia
to Lebanon.Includes
ports: Japan, Korea,
Hong Kong,
Taiwan, and
Singapore
From the ports of
Yokohama, Busan,
Hong Kong, Tai-
Pei, or Singapore
through Suez Canal
to the port of Tripoli
From the ports of
Yokohama, Busan,
Hong Kong, Tai-
Pei, or Singapore
through Suez Canal
to the port of Beirut
From the ports of
Yokohama, Busan,
Hong Kong, Tai-
Pei, or Singapore
through Suez Canal
to the port of
Aqaba, and then
overland to Beirut
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Table 2 Distribution of freight transport volumes of the ﬁrst corridor (to Jordan) on the expected paths (1997–2001) [2].
Path Year Bulk cargo (tons) Steel (tons) Wood (tons) Containers General cargo (tons) Total (tons)
(tons) (TEU)
1 1997 0 0 0 0 0 81 81
1998 0 0 0 0 0 190 190
1999 0 0 0 0 0 179 179
2000 0 0 0 0 0 284 284
2001 0 0 0 0 0 758 758
2 1997 0 25,554 12,606 0 0 1257 39,417
1998 0 34,323 15,699 0 0 366 50,388
1999 0 49,064 22,841 0 0 1084 72,989
2000 0 49,733 22,098 0 0 2233 74,064
2001 0 75,465 31,349 0 0 10,081 116,894
3 1997 N.A. N.A. N.A. N.A. N.A. N.A. 5834
1998 N.A. N.A. N.A. N.A. N.A. N.A. 5500
1999 0 2095 0 0 0 399 2494
2000 0 3558 0 0 0 1365 4923
2001 0 8733 0 0 0 254 8988
4 1997 N.A. N.A. N.A. N.A. N.A. N.A. 62,452
1998 N.A. N.A. N.A. N.A. N.A. N.A. 49,534
1999 0 16,766 0 0 0 3198 19,964
2000 0 28,788 0 0 0 11,043 39,831
2001 0 73,411 0 0 0 2136 75,546
5 1997 97,067 251,953 14,100 73,755 6887 38,207 475,082
1998 623,461 320,910 20,943 159,140 15,229 93,778 1,218,232
1999 39,187 519,576 21,697 158,142 14,752 15,298 753,901
2000 25,808 395,096 29,044 150,987 14,137 34,317 635,252
2001 61,304 354,171 21,706 176,050 16,831 27,012 640,243
6 1997 N.A. N.A. N.A. N.A. N.A. N.A. 96,239
1998 N.A. N.A. N.A. N.A. N.A. N.A. 96,470
1999 N.A. N.A. N.A. N.A. N.A. N.A. 100,150
2000 N.A. N.A. N.A. N.A. N.A. N.A. 93,604
2001 N.A. N.A. N.A. N.A. N.A. N.A. 142,063
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Freight transport volumes on different multimodal paths and
corridors were collected for the period 1997–2001. They were
divided according to the type of goods to bulk, steel, wood,
containers, and general cargo types. A sample of these data
is given in Table 2.
4.2.2. Monetary costs
When tracking the movement of cargo on a speciﬁc multi-
modal path from an origin to a ﬁnal destination, the monetary
costs may consist of the following components:
– Sea freight.
– Ports handling costs and charges.
– Shipping agents’ commissions.
– Customs clearance fares and taxes.
– Land transport costs.
– Processes costs and charges on land borders.
– Informal costs given to some of the staff of the departments
and ministries to facilitate and accelerate clearance pro-
cesses within the port or the land borders.
Table 3 includes a sample (for the 5th corridor) of the main
ﬁndings of tracking and calculating the monetary costs.4.2.3. Delivery times
The time element is an essential part of the ‘‘perceived delivery
cost’’ function for freight transport. In addition to the elements
of the monetary costs, transportation time has a great impact in
the selection of the route and mode of transport, because
there are many goods of high sensitivity to time such as
horticultural crops, perishable, and frozen commodities. This,
along with the time wasted in the process of transport,
represents real cost for the traders and owners of the goods.
The delivery time on any path consists of the following
components:
a. Marine shipping time, from the port of loading to the
port of unloading. It does not include the loading,
unloading, or processes times.
b. Port time that includes the time of loading/unloading,
stowage inside the yards, port and customs processes,
and downloading on trucks.
c. Land transport time.
d. Land borders processes time.
Table 4 presents a sample (for the 4th corridor) of the data
collected for delivery times.
Table 3 Monetary costs for paths of the 5th corridor (to Syria) [2].
Path 1 2 3 4 5
Port of unloading Latkia Tartos Tripoli Beirut Aqaba
Destination Damascus Damascus Damascus Damascus Damascus
Transaction type Import Import Transit Transit Transit
Sea freight
General cargo 75 75 65 65 55
200-Containers 1400 1400 1399 1399 1175
400-Containers 2660 2660 2699 2699 2100
Total port costs
Service charges General cargo 29 29 3 3 13.6
200-Containers 183 183 75 75 42
400-Containers 244 244 100 100 57
Commission shipping agencies, customs clearance General cargo 2.5 2.5 5 5 0.8
200-Containers 38 38 265 265 79
400-Containers 38 38 265 265 79
Land transport costs
General cargo 16 16 6 6 25
200-Containers 300 300 162.5 162.5 300
400-Containers 600 600 325 325 550
Processes costs at land borders/ports
Transit Lebanon General cargo 3.14 3.14
200-Containers 55 55
400-Containers 110 110
Transit Syria General cargo 2.86 2.86 2.86 2.86 2.86
200-Containers 46.5 46.5 46.5 46.5 46.5
40’-Containers 93 93 93 93 93
Transit Jordan General cargo 8.78
200-Containers 122.86
400-Containers 245.71
Total formal costs
General cargo 125.36 125.36 85 85 106.03
200-Containers 1967.5 1967.5 2003 2003 1765.4
400-Containers 3635 3635 3592 3592 3124.7
Informal costs
General cargo 15 10 7.1 7.1 0.9
200-Containers 44.1 22 104.5 104.5 15
400-Containers 88.2 44 199.5 199.5 17
Table 4 Delivery times on paths of the 4th corridor (to Jordan) (days) [2].
Path 1 2 3 4 5
Port of unloading Latkia Tartos Tripoli Beirut Aqaba
Marine shipping time 40 40 35 35 50
Port time 5 5 2–3 2–3 4–6
Land transport time (h) 8–19 7 5.67 4.37 4.86
Processes times at the land borders
Exit 2 2 0.5 0.5
Entry 0.5 0.5 0.2 0.2
Exit 0.5 0.5
Entry 0.5 0.5
Total time on path (day) 47.84 47.79 40.74–41.74 40.68–41.68 54.20–56.20
438 M.S. Serag, F.E. Al-Tony4.2.4. Number of processes steps and signatures (ALO)
The movement of international goods through the ports and
lands of the countries is signiﬁcantly affected by theefﬁciency of implementing administrative and logistical oper-
ations ‘‘ALO’’. This efﬁciency can be expressed by the num-
ber of processes and signatures required to clear goods in
Table 5 Number of processes steps and signatures on paths of the 5th corridor (to Syria) [2].
Path 1 2 3 4 5
Destination Damascus Damascus Damascus Damascus Damascus
Transaction type Import Import Transit Transit Transit
Port processes
Ports of Jordan Aqaba Steps 40
Signatures
Ports of Syria Latkia Steps 42
Signatures 24
Tartos Steps 42
Signatures 24
Ports of Lebanon Beirut Steps 38
Signatures
Tripoli Steps 38
Signatures
Land border processes
Jordan Gaber Steps 18
Signatures 5
Syria Nasib Steps 8
Signatures
Gidida Steps 8 8
Signatures
Lebanon Al-Masna Steps 11 11
Signatures 3 3
Total number of steps and signatures Steps 42 42 57 57 66
Signatures
Table 6 Corridor total transport demand model.
Corridor Model R
1 G1 ¼ 916172þ 67820ðXÞ þ 2000  ln
P
p2P1Expð2u1p þ A1pÞ 0.846
2 G2 ¼ 586292þ 94585ðXÞ þ 750  ln
P
p2P2Expðu2p þ A2pÞ 0.99
3 G3 ¼ 409593þ 15839ðXÞ þ 1000  ln
P
p2P3Expð0:5u3p þ A3pÞ 0.951
4 G4 = 1375015 + 77367(X) 0.821
5 G5 ¼ 753811þ 41800ðXÞ þ 500  ln
P
p2P5Expð0:12u5p þ A5pÞ 0.926
6 G6 ¼ 509998þ 14000ðXÞ þ 500  ln
P
p2P6Expð0:12u6p þ A6pÞ 0.989
Gn = total demand volume on corridor n (tons).
X= target year – 2000.Anp = attractiveness factor of path p of corridor n.
=demand volume on path p in the base year 1997 (·104).unp = generalized cost on path p of corridor n.Pn = a set of multimodal paths that
are available for transportation on corridor n.
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of the data collected for the number of processes and
signatures.
4.3. Calibration of models
4.3.1. Corridor total transport demand model
The Total Corridor Transport Demand Model can be
expressed by Eq. (5). The data collected for total demand vol-
umes on the six corridors in the period 1997–2001 facilitated
the development of a linear regression model for each corridor.
Due to lack of data on socio-economic characteristics of origin
and destination countries, the term Ei in the model was re-
placed by a linear relationship with the target year. A statisti-
cal software, SYSTAT, was used to calibrate the linear
regression models. Several forms were tested. The selected
models are presented in Table 6.The coefﬁcient of correlation of the equations (R) and the
t-test values indicates that the estimated parameters were sig-
niﬁcant at level of signiﬁcance 0.05 which indicates that the
models are statistically accepted.
4.3.2. Multimodal path choice model
The calibration process of the Logit model (Eq. (8)) was
performed using the Logit module of SYSTAT software.
The calibration process was done for data of each of the
six corridors separately as well as the pooled data as a
whole.
The variables included in the calibration process were as
follows:
a. Cost variables: total delivery cost, sea freight, land
transport costs, port and customs processes cost, land
border processes costs, and informal costs.
Table 7 Statistically estimated multimodal path choice model for each corridor separately.
Corridor Utility function of Logit model Statistical signiﬁcance parameters
1 V1p = 2.567  0.077C1p  0.493T1p  0.037S1p T-ratios:
Constant= 19.524
C1p = 15.357
T1p = 14.431
S1p = 45.510
(P2) = 0.335
Correct estimates = 61%
2 V2p = 2.370  0.217C2p  0.648T2p  0.069S2p T-ratios:
Constant= 16.445
C2p = 19.395
T2p = 12.924
S2p = 28.361
(P2) = 0.492
Correct estimates = 73.4%
3 V3p = 2.369  0.144C3p  0.249T3p  0.081S3p T-ratios:
Constant= 8.359
C3p = 14.103
T3p = 10.106
S3p = 34.146
(P2) = 0.663
Correct estimates = 87.8%
5 V5p = 2.310  0.205C5p  0.635T5p  0.059S5p T-ratios:
Constant= 17.335
C5p = 18.222
T5p = 11.824
S5p = 27.150
(P2) = 0.514
Correct estimates = 70.3%
6 V6p = 1.174  0.046C6p T-ratios:
Constant = 6.227
C6p = 7.555
(P2) = 0.476
Correct estimates = 70.7%
V6p = 1.272  2.283T6p T-ratios:
Constant = 6.759
T6p = 7.555
(P2) = 0.476
Correct estimates = 70.7%
V6p = 1.386  0.062S6p T-ratios:
Constant = 7.336
S6p = 7.555
(P2) = 0.476
Correct estimates = 70.7%
440 M.S. Serag, F.E. Al-Tonyb. Time variables: total delivery time, marine shipping
time, land transport time, and port and customs pro-
cesses time.
c. Processes variables: total number of steps/signatures,
number of port and customs steps/signatures, and num-
ber of land border steps/signatures.
Different model speciﬁcations were tried to select the best
one. The criteria for choosing the best model included the
following:
1. Rationality of the parameter estimate signs.
2. t-Test values for the parameter estimates.
3. Model goodness of ﬁt using the Likelihood Ratio Index
(P2).
4. Percent of correct estimates.The best selected models and the statistical results of mod-
els’ calibration process for each corridor separately are given in
Table 7. It is shown that all utility functions include three
variables:
– Total delivery cost (Cnp), which is the summation of all
costs of transport and processes on path p of corridor n
(US $/ton).
– Total delivery time (Tnp), which is the summation of all times
of transport and processes on path p of corridor n (day).
– Total number of processes’ steps (Snp), which is the summa-
tion of all administrative and logistic steps on path p of cor-
ridor n (step).
The negative signs of the parameters are logic. The t-test
values for all variables indicate that these variables are
Table 8 Cost, time, and number of processes steps for suggested scenarios.
Scenario 1 Scenario 2
Corridor Path Total cost
($/container)($/ton)
Total Time (day) Total Processes Total cost ($/container) ($/ton) Total Time (day) Total Processes
40’ container 20’ container General cargo 40’ container 20’ container General cargo
1 1 1958 1184 73.4 15.71 53 1958 1184 73.4 14.97 46
2 1888 1174 72.4 14.66 53 1888 1174 72.4 13.92 46
3 2130 1323 53.6 12.83 69 2130 1323 53.6 11.97 63
4 2030 1273 53.6 12.77 69 2030 1273 53.6 11.91 63
5 1804 1003 61.4 15.01 35 1804 1003 61.4 14.32 29
6 200.0 13.00 37 200.0 13.00 37
2 1 2268 1389 70.4 18.71 53 2268 1389 70.4 17.97 46
2 2148 1329 69.4 18.66 53 2148 1329 69.4 17.92 46
3 2034 1247 57.6 15.83 69 2034 1247 57.6 14.97 63
4 1984 1222 58.6 15.77 69 1984 1222 58.6 14.91 63
5 1754 1153 66.4 20.01 35 1754 1153 66.4 19.32 29
3 1 2368 1489 86.4 21.71 53 2368 1489 86.4 20.97 46
2 2248 1429 85.4 21.49 53 2248 1429 85.4 20.92 46
3 2373 1426 68.1 14.81 69 2373 1426 68.1 13.95 63
4 2323 1401 69.1 14.77 69 2323 1401 69.1 13.91 63
5 2004 1503 83.6 23.01 35 2004 1503 83.6 22.32 29
4 1 3493 2289 101.4 46.71 53 3493 2289 101.4 45.97 46
2 3373 2229 100.4 46.66 53 3373 2229 100.4 45.92 46
3 3490 2203 78.1 40.83 69 3490 2203 78.1 39.97 63
4 3440 2278 79.1 40.77 69 3440 2278 79.1 39.91 63
5 2554 1703 91.6 55.01 35 2554 1703 91.6 54.32 29
5 1 3542 1921 122.5 34.65 36 3542 1921 122.5 33.89 29
2 3542 1921 122.5 34.60 36 3542 1921 122.5 33.84 29
3 3592 2003 85.0 28.23 72 3592 2003 85.0 27.45 66
4 3592 2003 85.0 28.17 72 3592 2003 85.0 27.39 66
5 3125 1765 106.0 25.72 81 3125 1765 106.0 25.04 75
6 1 3154 1801 99.1 27.22 37 3154 1801 99.1 26.52 32
2 3114 1764 94.5 27.22 37 3114 1764 94.5 26.52 32
3 3777 2006 157.6 28.44 73 3777 2006 157.6 27.71 67
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Figure 1 Corridor total demand changes according to different scenarios.
442 M.S. Serag, F.E. Al-Tonysigniﬁcant for prediction. The goodness of ﬁt (P2) values and%
correct estimates reﬂect the signiﬁcance of the models to be
used in prediction.
The multimodal path choice model for corridor (6) was dif-
ferent from other corridors’ models. The calibration process
did not result in any model that combines all the variables of
cost, time, and number of steps. Rather, it resulted in several
alternative models, each of which contains a single variable.
The reason is that a speciﬁc path of this corridor may enjoy
all the features of low cost, time, and number of steps, such
as the path to the port of Beirut, or suffer from all the features
of difﬁculties of high cost, time, and number of steps, such as
the path via Aqaba port.
For corridor (4), all trials failed to create a model of accept-
able statistical indicators. This may be explained by the fact
that most of the goods coming from the Americas are dry bulk,
which represents about 67% of the total corridor freights [2].
This type needs special port facilities and prefers to be im-
ported via Aqaba port only.As for the model derived from the pooled data as a whole,
the best model was as follows:
Vnp ¼ 2:435 0:146Cnp  0:463Tnp  0:062Snp ð9Þ
The t-test values of the constant, Cnp, Tnp, and Snp parame-
ters were 14.256, 16.132, 12.333, and 35.016, respectively,
which indicate that all parameters are statistically signiﬁcant.
As for the signiﬁcance of the model as a whole and its pre-
diction power, the (P2) value and % correct estimates were
0.631 and 73.6, respectively, which reﬂect the signiﬁcance of
the model to be used in prediction.
4.4. Model application
In this part, the estimated models will be applied to the case
study to assess their elasticity to reﬂect the effect of different
supply improvement scenarios on the total demand and path
choice switching.
ESCWA [2] suggested several improvements which were di-
vided into eight groups; each group relates to one stage of
Table 9 Forecasting corridor total transport demand and distribution on multimodal paths for different scenarios (target year 2007).
Corridor Path Base scenario Scenario 1 Scenario 2
Non-cont. (ton) Cont. (TEU) Total (ton) Non-cont. (ton) Cont. (TEU) Total (ton) Non-cont. (ton) Cont. (TEU) Total (ton)
1 1 1071 0 1071 1107 0 1107 1108 0 1108
2 204,575 0 204,575 305,925 3357 341,040 310,689 3454 346,816
3 19,740 0 19,740 36,304 0 36,304 36,313 0 36,313
4 163,826 0 163,826 302,329 2374 327,160 302,484 2404 327,630
5 552,263 23,779 800,990 327,569 18,850 524,741 323,491 18,745 519,560
6 200,710 0 200,710 207,480 0 207,480 207,662 0 207,662
Total = 1,390,911 tons Total = 1,437,832 tons Total = 1,439,089 tons
2 1 1584 0 1584 1611 0 1611 1612 0 1612
2 38,298 0 38,298 48,044 385 52,067 49,748 408 54,012
3 23,755 0 23,755 63,005 0 63,005 63,058 0 63,058
4 202,380 0 202,380 515,974 8120 600,907 516,720 8259 603,110
5 682,408 28,677 982,368 335,569 20,649 551,562 333,689 20,506 548,182
Total = 1,248,386 tons Total = 1,269,152 tons Total = 1,269,973 tons
3 1 433 0 433 442 0 442 442 0 442
2 21,457 0 21,457 28,736 2991 60,019 30,229 3164 63,328
3 6480 0 6,480 18,369 0 18,369 18,251 0 18,251
4 54,242 0 54,242 152,697 6869 224,550 152,152 6775 223,016
5 303,468 12,847 437,851 194,361 3271 228,576 193,666 3196 227,101
Total = 520,463 tons Total = 531,955 tons Total = 532,138 tons
4 1 1543 0 1543 1543 0 1543 1543 0 1543
2 11,360 0 11,360 11,360 0 11,360 11,360 0 11,360
3 243 0 243 243 0 243 243 0 243
4 2043 0 2043 2043 0 2043 2043 0 2043
5 1,487,262 39,592 1,901,392 1,487,262 39,592 1,901,392 1,487,262 39,592 1,901,392
Total = 1,916,581 tons Total = 1,916,581 tons Total = 1,916,581 tons
5 1 202,146 16,944 451,219 37 106 1397 39 120 1572
2 566,222 2557 594,147 38 110 1443 41 124 1624
3 240 0 240 63,276 0 63,276 63,388 0 63,388
4 306 0 306 703,729 147 705,617 704,968 157 706,976
5 500 0 500 19,302 21,737 297,755 18,158 21,706 296,216
Total = 1,046,411 tons Total = 1,069,489 tons Total = 1,069,776 tons
6 1 42,455 0 42,455 42,218 0 42,218 42,175 0 42,175
2 163,354 37,419 556,249 162,402 37,802 559,321 162,218 37,776 558,863
3 6988 219 9290 12,434 589 18,615 12,661 615 19,117
Total = 607,995 tons Total = 620,154 tons Total = 620,154 tons
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444 M.S. Serag, F.E. Al-Tonyfreight transport through ports and lands of the three coun-
tries. These groups were as follows:
– Procedures before the arrival of goods to the port.
– Port procedures.
– Customs procedures.
– Combined port and customs procedures.
– Land border procedures.
– Transit procedures.
– Land transport procedures.
– Constraints and sovereign decisions.
The scenario consists of all or some of the procedures with-
in each sub-group or some of the previous major groups. These
improvements can be reﬂected in the reduction of the three
main variables: cost, time, and number of processes steps (C,
T, and S).
The model was applied to forecast freight transport vol-
umes for the year 2007. The following scenarios were tested:
– The base scenario, with all times, costs, and number of pro-
cesses steps as the base year (2001) (do nothing).
– Scenario 1: implementing improvements related to inhibit-
ing informal costs.
– Scenario 2: implementing improvements related to full
automation and using modern techniques in customs, ports,
and land borders.
Table 8 gives the cost, time, and number of processes for
different corridors/paths for each scenario. These values were
used by the model to forecast, for each corridor, freight trans-
port demand, and multimodal path choice volumes. The re-
sults are shown in Table 9.
Comparing the total corridor demand of the base scenario
with the proposed scenarios (Fig. 1), it is clear that supply
related improvements in the region’s transport system (cost,
time, and processes) generate new demand volumes (induced
demand). So, IFTM model is capable of measuring the effects
of these supply improvements.
Regarding path choice, Table 9 shows that any improve-
ment in cost, time, or processes leads to changing the decision
of exporter in choosing transport path. This proves the capa-
bility of IFTM model to reﬂect the effect of supply changes
on path choice.
5. Conclusions
IFTM model was developed to predict international freight
ﬂows of trade through the ports and lands of Jordan, Syria,
and Lebanon. The model simultaneously predicts total ori-
gin–destination (corridor) demand and multimodal path
choice. The model was calibrated using the data collected by
ESCWA for the three countries. A corridor total transport de-
mand model was calibrated for each corridor. A multimodal
path choice model (Logit model) was calibrated for each cor-
ridor separately as well as the pooled data as a whole. The util-
ity functions included times, costs, and number of processes
steps variables.
The model was applied to forecast freight transport vol-
umes for the year 2007. Different supply improvement scenar-
ios were tested. The results showed that supply relatedimprovements in the region’s transport system (cost, time,
and processes) generate new demand volumes (induced de-
mand). Moreover, these improvements result in changing the
distribution of freight ﬂows over the multimodal paths. So,
IFTM model can be considered as a policy analysis tool and
a decision-support system for transport policy makers in the
region.
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